Introduction
Epidemiological study shows that chronic hepatitis B virus (HBV) infection is closely associated with development of HCC (1) , and the X gene has been implicated in the carcinogenicity of this virus because of its ability to transform rodent cells (2) . Moreover, it has been shown that the development of HCC in at least one strain of transgenic mouse (3) .
Although absence of tumors in other X transgenic mice so far analyzed, some of these mice exhibited an increase susceptibility to chemical carcinogen (4, 5) . These results suggest that HBV X protein (HBx) acting in cooperation with cellular oncogenic factors. However, pathogenesis and carcinogenesis by HBV infection are partly understood, because they occur over years of chronic infection and associate with hepatocyte death and regeneration.
It has been reported that HBx is essential for the viral replication (6, 7) , in addition to its well-documented transactivation ability to indirectly stimulate transcription (8) (9) (10) and to activate several signal transduction pathways including mitogen activated protein kinase (MAPK), protein kinase C (PKC) and JAK/STAT pathways (11) (12) (13) (14) (15) . Although HBx transactivates a wide range of viral and cellular genes, including HBV itself, SV40, c-myc and NF-B, the mechanism of transactivation by HBx is still under debate (16) . Because HBx is unable to directly bind any of the HBx-responsive elements of these genes, it has been proposed that HBx may stimulate transcription by interacting with several cellular sequencespecific transcription factors or with the basal transcriptional machinery (17) (18) (19) . From these observations, it has been suggested that HBx may facilitate hepatocarcinogenesis through transactivating cellular oncogenes and signaling cascades that stimulate cell proliferation.
In contrast to proliferative effects, several studies showed that HBx induces cell death Loss of m by HBx and cell death membrane blebbing. We also reported that the ectopically expressed HBx is located in mitochondria (21). Recently, many reports have focused on mitochondria as an important player on apoptosis and programmed cell death, where many cell death signals reach to mitochondria. Mitochondria undergo major changes in membrane integrity before classical signs of cell death manifest. These changes concern both inner and outer mitochondrial membranes. Outer mitochondrial membrane permiabilization causes the redistribution of numerous apoptogenic factors such as cytochrome c, AIF and Smac/DIABLO in the intermembrane space (23, 24) . The redistribution of these apoptogenic factors is important step of cell death. For instance, cytochrome c release is essential for the generation of the apoptosome, complex containing cytochrome c, Apaf-1 and caspase-9, and this apoptosome complex initiates the effector caspase activation (25-27). On the other hand, the inner Cell culture and DNA transfection HuH7 cells and HepG2 cells were maintained in DM-160AU supplemented with 10% fetal calf serum and 60 µg/ml kanamycin. Transfections were carried out using Tfx-20 (Promega)
according to the manufacture's instructions. Cells were cultured for two days after transfection and subjected to cytochemical staining or Western blot analysis unless stated.
Cell death assay
HuH7 cells were transfected with indicated plasmid along with the -galactosidase expression plasmid, pCMV , at a ratio of 5:1. The amount of cell death was determined by counting the -galactosidase-stained transfected cells with apoptotic morphology, such as membrane blebbing and /or round. Over 50 of -galactosidase stained cells were counted and calculated relative % of cell death. Each experiment was repeated at least 3 times and obtained similar results. In situ staining of cells for -galactosidase activity were performed with -gal staining kit (Invitrogen).
Luciferase assay
HepG2 cells were plated on the day before transfection at a density of 6.8 x 10 5 cells per 60-mm-diameter dishes. 1 µg of pRSVL and 0.1 µg of pCMVX or HBx mutant constructs were cotransfected using Tfx-20 reagent. pCMV was used as carrier to adjust the total DNA to 2.75
µg. Two days after transfection, cells were harvested and lysed with lysis buffer (Promega). (10 µg/ml) for 10 min at 37 o C, and then specimen was analyzed using a Nikon microscope with CCD camera, which was operated by ARGUS FISH Imaging Software (Hamamatsu Photonics).
Mitochondria preparation and co-precipitation assay 
Results

Membrane blebbing morphology of the HBx-expressing cells
Our previous report indicated that X gene expression brought about some apoptotic changes to cells such as TUNEL positive nucleus, the decreased mitochondrial membrane potential and the membrane blebbing (21). In order to characterize details of morphological changes, the membrane blebbing was examined using the HBx-expressing cells and the staining technique, because this protocol is easy to distinguish cells which are transfected with DNA and is able to handle many cells for estimating the frequency of dying cell. We 
Transactivation function of HBx is not required for cell death
As we previously reported that some regions of HBx, such as aa 61-69, 105-125 and Loss of m by HBx and cell death
The luciferase assay and the morphological characterization were carried out using two different transactivation-defective mutants, one is a deletion mutant, pCMVX-dAvaI/AvaII, which has an internal deletion from aa 5 to 62, and the other mutant is pCMVX-RsaI that has C-terminus truncation from aa 134 to 154. Consistent with previous report (10) , these mutants were unable to activate the RSV promoter (Fig. 2C ), whereas these two mutants still retain cell death activity comparable to that of wild type HBx (Fig. 2B) . Furthermore, we analyzed the dose dependency of HBx expression plasmid being able to induce cell death or transactivation ( Fig. 2D and E). onto mitochondria. We tried to obtain a minimally required region for localization on mitochondria, but further deletion of the aa 68-117 region turned out to be exhibiting diffused distribution in the cytoplasm besides mitochondria (data not shown). We then made substitution mutants instead of deletion mutants. Substitutions of basic or acidic amino acid residues in this region did not give any effect on HBx localization. We also substituted leucine to alanine in this region. One or two substitutions of leucine residues gave only slight affect on its localization (data not shown). However, when residues Cys69, Leu71, Leu89, Leu100, Leu108 and Leu116 were substituted simultaneously with alanine ( Fig. 4B ), this mutation results in loss of mitochondrial localization (Fig. 4C , i), suggesting that hydrophobic residues in this region are important for localization of HBx on mitochondria.
These HBx plasmid constructs were co-transfected to HuH7 cells with -galactosidase expression plasmid, and then their cell death inducing activity was examined. As shown in 
Association of HBx with isolated mitochondria is unable to release cytochrome c and AIF
Then we prepared His-tagged recombinant HBx and its mutant proteins ( Fig. 5A ) and tested their ability to associate with isolated mouse mitochondria in vitro. After 1 hr incubation, the reaction mixture was centrifuged and the precipitated mitochondrial fraction was analyzed by Western blot with anti-His antibody (Fig. 5B) . Recombinant HBx-related proteins that contain aa 68-117 region [rHBx (aa 1-154), and rX(68-117)] were co-sedimented with mitochondria, however, the mutant protein lacking this region, rX(1-67) was not cosedimented. Data support a notion that the aa 68-117 region is important for association with mitochondria and is also consistent with the cytochemical data obtained with EGFP-fused HBx constructs (Fig. 4C ). On the other hand, the supernatant was analyzed for redistribution of cytochrome c and AIF by Western blot (Fig. 5C ). Although cytochrome c and AIF are released from isolated mitochondria after stimulation with CaCl 2 , as previously described (32), cytochrome c and AIF release from mitochondria are not significantly observed by incubation with recombinant HBx or any HBx mutant proteins. Data indicate that HBx is unable to directly induce cytochrome c and AIF release from isolated mitochondria. As it has been well characterized that released cytochrome c, Apaf-1, procaspase-9 and ATP or dATP form a complex, named apoptosome (25), which activates caspase-3, and induces rapid apoptotic cell death. The lack of cytochrome c release suggests that HBx-induced cell death is caspase-3
Loss of m by HBx and cell death independent pathway. To confirm this, HuH7 cells were transfected with pCMVX and pCMV and were incubated with caspase inhibitors, Z-DEVD-fmk or Z-VAD-fmk (Fig. 5D) .
A specific caspase-3 inhibitor, Z-DEVD-fmk, did not prevent HBx-induced cell death, whereas a general caspase inhibitor, Z-VAD-fmk, inhibited HBx-induced cell death in dose dependent manner. Results clearly indicate that HBx induces cell death through a cytochrome c/caspase-3 independent pathway.
Association of HBx with mitochondria degenerate mitochondrial membrane potential
The lack of cytochrome c and AIF release from mitochondria suggested that alternative downstream targets are causally involved in cell death. As we reported previously that decreased mitochondrial membrane potential was observed after expression of HBx (21) (Fig. 8d) . Data also strongly suggested that destabilization of mitochondrial membrane potential, which opens the PTP complex, is the main cause of HBxinduced cell death.
Discussion
First, the present results provided strong evidences that HBx-induced cell death is connected to localization of HBx on mitochondria. We mapped that aa 68-117 is sufficient for HBx localization on mitochondria and cell death induction. Our data clearly shows that cell death induced by HBx is independent of its transactivation activity. Although several groups have pointed out that the pro-apoptotic effect of HBx correlates with its transactivation activity (22, 35, 36), our result indicates that transactivation ability of HBx is not required for its cell death activity, suggesting that the mechanism of HBx-induced cell death is not due to transactivation of the cell-death-promoting genes, such as bax. Indicated plasmids were transfected into HuH7 cells along with pCMV . The mutants, which failed to localize on mitochondria, lacked cell death inducibility. 
